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1
DIAPHRAGM PUMP AND METHOD FOR
DELIVERING FINE-GRAIN POWDER WITH
THE AID OF A DIAPHRAGM PUMP

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is filed under 35 U.S.C. §120 and §365(c)
as a continuation of International Patent Application PCT/
EP2012/055613, filed Mar. 29, 2012, which application
claims priority from German Patent Application No. 10 2011
017 277.7, filed Apr. 15, 2011, German Patent Application
No. 102011 100 378.2, filed May 3, 2011 and German Patent
Application No, 102011 052 432.0, filed Aug. 5, 2011, which
applications are incorporated herein by reference in their
entireties.

FIELD OF THE INVENTION

The invention relates to a method for conveying fine-
grained powders by means of a diaphragm pump. The dia-
phragm pump includes a conveyance chamber, which
encloses a working volume and at least one deflectable dia-
phragm, which can be brought into a suction position and a
pressure position. The diaphragm pump further includes an
inlet valve arranged at its suction side and an outlet valve
arranged at its pressure side.

BACKGROUND OF THE INVENTION

Methods for conveying fine-grained powders are required,
for example, for conveying dosed quantities of fine-grained
powders for plasma coating processes. Deposits and agglom-
erations of the powder in the conveying paths and the pump
must he avoided, since otherwise the powder conveyance can
come to a standstill.

The conveyance of fine powders with a particle size of less
than 150 pm is scarcely possible with known pumps. Below
this grain size, the adhesion forces between the powder par-
ticles increase considerably. The surface area of the particles
relative to their volume increases steeply. A cube with an edge
length of 1 cm has a surface of 0.006 m*. However, the same
volume filled with particles of five nanometers edge length
has a surface area of 2400 m®. The steep increase in the
surface adhesion forces impairs the conveyance of such small
particles. By continuously coupling energy into the powder,
for example, by sustaining high flow speeds, which is asso-
ciated to a high gas or air consumption, agglomeration of the
powder/gas mixture can be avoided. High gas volume flows
are, however, disadvantageous in many subsequent working
processes, such as, for example, in plasma-coating processes
or laser-coating processes. Furthermore, high gas volume
streams require higher energy application for the powder
conveyance.

German Patent Application No. 44 23 197 Al discloses a
powder pump for the spray-coating of articles in a bar-type
elongated shape. On a front side, the powder pump has a
powder inlet opening, via which the powder is aspirated from
an upwardly open powder container. The powder is subse-
quently conveyed via an inner tube of the powder pump to a
consumer. The conveyance itself is driven by generating a
vacuum within the powder pump. The vacuum is generated
with an injector nozzle arranged in the vicinity of the powder
inlet opening.

Furthermore, diaphragm pumps for the conveyance of
gases and fluids are known from prior art. The working space
is separated by a deflectable membrane from the pump drive.
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By virtue of this separation, the pump drive is shielded from
harmful effects incurred from the conveyed medium. During
a suction cycle, the oscillating deflection of the membrane
increases the working volume of the conveyance chamber
while fully deflected in the suction position, and likewise
reduces the working volume of the conveyance chamber
white the fully deflected in the pressure position. The deflec-
tion of the membrane is driven hydraulically, pneumatically,
or mechanically. On the suction side of the diaphragm pump,
an inlet valve is arranged that is actuated by the medium
conveyed. On the pressure side, an outlet valve is arranged
that is likewise actuated by the medium conveyed. During the
intake stroke of the membrane, the conveyed medium is aspi-
rated via the inlet valve. During the compression stroke of the
membrane, the conveyed medium is exhaled via the outlet
valve.

When using a diaphragm pump for the conveyance of a
powder/gas mixture, for example, containing fine-grained
powders, the flow speed in the working volume of the con-
veyance chamber of the diaphragm pump is typically insuf-
ficient to exhale the entire amount of powder through the
outlet valve.

Consequently, increasing accumulations of powder form
inside the conveyance chamber of the diaphragm pump as the
operation of the diaphragm pump goes on, thus, reducing the
suction power and eventually blocking the diaphragm pump.
For example, for very fine-grained powders, powder agglom-
erates can form that Obstruct the powder conveyance or block
the diaphragm pump. A blockage of the diaphragm pump
cannot be avoided by increasing the pumping power. Instead,
it is necessary to open the conveyance chamber and to remove
the obstruction.

Another influence factor on the formation of deposits is the
geometric shape of the conveyance chamber. Powder deposits
form, for example, in regions with a lower flow velocity ofthe
powder/gas mixture. It has also been found that blockages
occur in the region of the outlet valves during the conveyance
of fine-grained powders. Mitigation of these ‘problem zones’
in the conveyance chamber by increasing the flow rate of a
diaphragm pump with a given working range, from a particu-
lar negative pressure on the suction side and a particular
pressure at the pressure side, is not readily possible.

BRIEF SUMMARY OF ME INVENTION

It is the object of the invention to provide a diaphragm
pump suitable for the conveyance of fine-grained powders,
for example, non-flowable powders having particle sizes of
0.01 um to 100 pm.

This object is achieved with a diaphragm pump which
includes a conveyance chamber which encloses a working
volume; at least one deflectable diaphragm, which can be
moved into a suction position and a pressure position; an inlet
valve for a powder/gas mixture arranged at a suction side of
the diaphragm pump; an outlet valve for a powder/gas mix-
ture arranged at a pressure side of the diaphragm pump; and a
gas supply for introducing a gas into the conveyance chamber
is arranged at the conveyance chamber via an inlet, where the
inlet is oriented such that gas impinges on regions of the
conveyance chamber in which deposits of the conveyed pow-
der can be formed.

It is also an object of the invention to provide a method for
the conveyance of fine-grained powders, for example, non-
flowable powders having particle sizes of 0.01 um to 100 pm.
The above object is achieved by a method for conveying a
powder/gas mixture by means of a diaphragm pump, having
the following steps: providing a conveyance chamber for
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enclosing a working volume; limiting the conveyance cham-
ber on one side with a deflectable diaphragm; moving the
deflectable diaphragm between a suction position and a pump
position, where an inlet valve is arranged on the suction side
of the diaphragm pump and an outlet valve is arranged on a
pressure side of the diaphragm pump; and introducing a gas
into the conveyance chamber via a gas supply such that gas
impinges regions of the conveyance chamber in which depos-
its of the conveyed powder can form.

The inlet valve of the diaphragm pump acts as a non-return
valve, such that the supplied gas, for example air, can stream
out of the outlet valve only in the conveyance direction of the
diaphragm pump. The additional introduction of gas continu-
ously ensures optimal flow conditions in the working volume
of the diaphragm pump and avoids powder deposits in the
conveyance chamber.

The maximum load of the additionally introduced gas is
limited by the suction power of the diaphragm pump during
the suction stroke. If the maximum load is exceeded, the
diaphragm pump can no longer aspirate powder or powder/
gas mixture via the pressure-controlled inlet valve and the
inlet valve remains closed.

The effect of introducing the gas into the conveyance
chamber is that the inlet valve shuts earlier, and that the
powder or powder/gas mixture in the working space, together
with the gas additionally introduced into the conveyance
chamber, is exhausted entirely through the outlet valve.

A low-pulsation powder supply for continuous subsequent
processes can be provided when the supply of gas to a com-
pressor for generating a constant volume flow of the gas.

An effective cleaning of the conveyance chamber by means
of the supplied gas is achieved, when the gas supply has a
compressor for generating a pulsating volume flow of the gas.

For subsequent pressure-controlled processes, the gas sup-
ply includes, for example, a compressor for generating a
constant pressure of the supplied gas.

The gas is introduced, for example, at a wall of the con-
veyance chamber via a gas inlet. The inlet can be designed as
passage in the wall or as a nozzle.

For example, an inlet embodied by a nozzle may be expe-
diently aligned such that gas impinges on regions of the
conveyance chamber which are, due to the flow conditions,
prone to the formation of deposits of the conveyed powder.

The diaphragm pump according to the invention is suitable
for the conveyance of extremely fine-grained powders. It may
also be advantageously employed for conveying condensate-
containing gases.

The gas is introduced with a constant volume flow into the
conveyance chamber, where the gas is introduced with a
volume flow in a range of 1 L/min to 50 L/min.

BRIEF DESCRIPTION OF IRE DRAWINGS

The nature and mode of operation of the present invention
will now be more fully described in the following detailed
description of the invention taken with the accompanying
drawing figures, in which:

FIG. 1 is a schematic representation of an inventive dia-
phragm pump and illustrates the inventive method.

DETAILED DESCRIPTION OF THE INVENTION

At the outset, it should be appreciated that like drawing
numbers on different drawing views identify identical, or
functionally similar, structural elements of the invention.
While the present invention is described with respect to what
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is presently considered to be the preferred aspects, it is to be
understood that the invention as claimed is not limited to the
disclosed aspects.

Furthermore, it is understood that this invention is not
limited to the particular methodology, materials and modifi-
cations described and, as such, may, of course, vary. It is also
understood that the terminology used herein is for the purpose
of describing particular aspects only, and is not intended to
limit the scope of the present invention, which is limited only
by the appended claims.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
to one of ordinary skill in the art to which this invention
belongs. Although any methods, devices or materials similar
or equivalent to those described herein can be used in the
practice or testing of the invention, the preferred methods,
devices, and materials are now described.

Diaphragm pump 1 has conveyance chamber 2 enclosing
working volume V, and V, respectively and being on one side
limited by deflectable membrane 3. Membrane 3 can be
moved between suction position 4 and pressure position 5. In
FIG. 1, membrane 3 is in suction position 4 as indicated by a
solid line. Oscillating deflection movement 6 is driven by
means of an eccentric drive comprising an electric motor and
drive rod 8.

On a suction side of diaphragm pump 1, inlet valve 11 is
arranged and, at a pressure side ofthe diaphragm pump, outlet
valve 12 is arranged. Both inlet valve 11 and outlet valve 12
are controlled and actuated by the pressure of powder/gas
mixture 13 conveyed by diaphragm pump 1. Inlet valve 11
opens during the intake stroke of membrane 3 towards suction
position 4 and shuts in pressure position 5 of membrane 3
after the pressure stroke. Conversely, outlet valve 12 shuts
during the intake stroke of membrane 3 and opens during the
pressure stroke.

Gas supply 15 for introducing gas 16, for example air, into
conveyance chamber 2 is arranged at one wall 14 of convey-
ance chamber 2. Gas supply 15 includes an injector embodied
by nozzle 17 passing through wall 14. By means of this
injector, gas 16 is introduced into conveying chamber 2 in a
targeted manner as to dissolve powder accumulations and to
inject an additional amount of gas 16 to powder/gas mixture
13. Gas supply 15 further includes is schematically displayed
compressor 18, which is connected via a line to nozzle 17.
Depending on the composition of powder/gas mixture 13 to
be conveyed and/or depending on the subsequent, down-
stream process, compressor 18 generates constant pressure
19 of gas 16, a constant volume flow of gas 16 or pulsating
volume flow 21 of gas 16, which is then introduced via nozzle
17 in conveyance chamber 2.

For conveying small quantities of the fine granular powder,
gas 16 is introduced into conveyance chamber 2 with a vol-
ume flow rate ranging from 1 L/min to 50 L/min. The oscil-
lation frequency of membrane 3 for conveying fine powders
ranges, for example, from 10 Hz to 200 Hz at a maximum
working volume in the range of 0.1 mL to 20 mL.

Driving diaphragm pump 1 at high frequencies promotes
the continuous conveyance of small amounts of the fine-
grained powder. It is advantageous for the continuous, low-
pulsation discharge of fine-grained powders that each dia-
phragm pump 1 is connected on its suction side 9 via an as
short as possible suction line to a suction means for aspirating
powder from a powder reservoir. Suitable lengths of the suc-
tion line were found to range from 0.01 mto 1 m, for example,
from 0.01 m to 0.5 m, while the length of the pressure line to
the low-pulsation conveying is, for example, longer by at least
a factor of 10. In tests with suction and pressure lines with an
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inner diameter of 2.5 mm, there was no low-pulsation con-
veyance with pressure line lengths of 3 m. However, pressure
line lengths of more than 10 m yielded low-pulsation convey-
ance. From these tests, it has been recognized that a uniform,
low-pulsation discharge of the fine powder is achieved if the
diaphragm pump is connected on pressure side 10 to a pres-
sure line and if the length of the pressure line exceeds its
diameter at least by a factor of 2000.

By introducing gas 16 into conveyance chamber 2 and the
arrangement of nozzle 17 it is achieved and ensured that flow
conditions remain always optimal in working volume V, and
V, respectively of conveyance chamber 2 and that powder
deposits, causing clogging in conveying chamber 2 and ulti-
mately the failure of diaphragm pump 1, are reliably avoided.

Thus, it is seen that the objects of the present invention are
efficiently obtained, although modifications and changes to
the invention should be readily apparent to those having ordi-
nary skill in the art, which modifications are intended to be
within the spirit and scope of the invention as claimed. It also
is understood that the foregoing description is illustrative of
the present invention and should not be considered as limit-
ing. Therefore, other embodiments of the present invention
are possible without departing from the spirit and scope of the
present invention.

List of reference numbers

No. Description
1 diaphragm pump
2 conveyance chamber
3 membrane
4 suction position
5 pressure position
6 deflection movement
7 electric motor
8 drive rod
9 suction side
10 pressure side
11 inlet valve
12 outlet valve
13 powder/gas mixture
14 wall
15 gas supply
16 gases
17 nozzle
18 compressor
19 constant pressure
20 constant volume flow
21 pulsating volume flow

What is claimed is:
1. A diaphragm pump which conveys a powder/gas mix-
ture, comprising:

a conveyance chamber which encloses a working volume;

at least one deflectable diaphragm, which can be moved
into a suction position and a pressure position;

an inlet valve for the powder/gas mixture arranged at a
suction side of the diaphragm pump and arranged to
displace in a first direction to enable flow of the powder/
gas mixture into the conveyance chamber in the first
direction;

an outlet valve for the powder/gas mixture arranged at a
pressure side of the diaphragm pump and arranged to
displace in a second direction to enable flow of the
powder/gas mixture out of the conveyance chamber in
the second direction; and,

a gas supply, including a compressor for introducing a gas
into the conveyance chamber, is arranged at the convey-
ance chamber via an inlet, wherein:
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6

the inletis oriented such that the gas impinges on regions
of the conveyance chamber in which deposits of con-
veyed powder can be formed; and,

the compressor is for generating a pulsating volume flow
of the gas.

2. The diaphragm pump as recited in claim 1, wherein the
suction side is connected with a powder supply or an inlet of
the powder/gas mixture.

3. The diaphragm pump as recited in claim 1, wherein the
gas supply is arranged at a wall of the conveyance chamber.

4. The diaphragm pump as recited in claim 3, wherein the
inlet is a nozzle or a passage in the wall of the conveyance
chamber.

5. The diaphragm pump as recited in claim 1, wherein the
diaphragm is two-dimensional.

6. A method for conveying a powder/gas mixture by means
of a diaphragm pump; comprising the steps of:

providing a conveyance chamber for enclosing a working

volume;

limiting the conveyance chamber on one side with a

deflectable diaphragm;

arranging an inlet valve at a suction side of the diaphragm

pump;

displacing the inlet valve in a first direction to enable flow,

in the first direction, of the powder/gas mixture into the
conveyance chamber;

arranging an outlet valve at a pressure side of the dia-

phragm pump;

displacing the outlet valve in a second direction to enable

flow, in the second direction, of the powder/gas mixture
out of the conveyance chamber;

moving the deflectable diaphragm between a suction posi-

tion and a pump position; and,

introducing, with a pulsating volume flow, a gas into the

conveyance chamber, via a compressor for a gas supply,
such that the gas impinges regions of the conveyance
chamber in which deposits of conveyed powder can
form.

7. The method as recited in claim 6, wherein a powder or
the powder/gas mixture is aspirated at the suction side of the
diaphragm pump.

8. The method as recited in claim 6, wherein the gas is
introduced with a volume flow in a range of 1 [/min to 50
L/min.

9. The diaphragm pump as recited in claim 1, wherein the
compressor is for generating a cyclic variable output of the
gas.

10. The method as recited in claim 6, further comprising:

generating, using the compressor, a cyclic variable output

of the gas.

11. A diaphragm pump which conveys a powder/gas mix-
ture, comprising:

a conveyance chamber which encloses a working volume;

at least one deflectable diaphragm, which can be moved in

first and second opposite directions into a suction posi-
tion and a pressure position, respectively;

an inlet valve for the powder/gas mixture arranged at a

suction side of the diaphragm pump and arranged to
displace in the first direction to enable flow of the pow-
der/gas mixture into the conveyance chamber;

an outlet valve for the powder/gas mixture arranged at a

pressure side of the diaphragm pump and arranged to
displace in the second direction to enable flow of the
powder/gas mixture out of the conveyance chamber;
and,
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a gas supply, including a compressor for introducing a gas
into the conveyance chamber, arranged at the convey-
ance chamber via an inlet, wherein:
the inlet is oriented such that the gas impinges on regions
of the conveyance chamber in which deposits of con-
veyed powder can be formed; and,

the compressor is for generating a pulsating volume flow
of the gas.

12. The diaphragm pump as recited in claim 11, wherein:

the inlet valve is arranged to displace in the first direction to
enable flow of the powder/gas mixture into the convey-
ance chamber in the first direction; and,

the outlet valve is arranged to displace in the second direc-
tion to enable flow of the powder/gas mixture out of the
conveyance chamber in the second direction.

13. The diaphragm pump as recited in claim 11, wherein

the compressor is for generating a cyclic variable output of
the gas.
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